We prove that, under certain conditions, multipliers of an abelian projective plane of square order have odd order modulo v*, where v* is the exponent of the underlying Singer group. As a consequence, we are able to establish the non-existence of an infinite number of abelian projective planes of square order.
I. INTRODUCTION
We assume familiarity with the basic factors about difference sets, their multipliers and abelian/cyclic projective planes (for instance, see [2] and [5] ).
Consider the following theorem which characterizes the multipliers of an abelian difference set.
THEOREM I (Mann [6] , Lander [5] ). Let D be an abelian (v, k, Je) 
difference set in a group G, with exponent v* (i.e. v* = least common multiple of the orders of each element of G). Then every multiplier t of D has odd order modulo v*, provided that neither of the following holds:
(i) n is a square (here n = k -Je); or (ii) for some prime q == I (mod 4), n = qnf, v = qOv, with a ~ I, and m has odd order modulo v,.
Mann [6] proved Theorem I, except for the condition q == I (mod 4), using algebraic number theory. Lander [5] gives a proof of Theorem I, which includes the condition q == ! I (mod 4), using group representation theory.
In this paper we prove a version of Theorem I for the planar difference sets (J. = 1) in the abelian case, when n is a square. As applications, we obtain an infinite number of square values of n for which there does not exist an abelian projective plane of order n.
PRELIMINARIES
In this section, we quote the theorems which wiIl be used to prove our main result. Since t is a multiplier of D, the map (J defined by g -+ g" is a collineation of IT. In fact (J is an involution of IT. show that n == 10 or 12 (mod 14) implies that n is not a power of 2. REMARK 2. Similar results using other primes q and other multipliers t (t = 2 and q = 7 in Remark 1) for which t has odd order modulo q can be obtained in the same manner. REMARK 3. Most of the previously known non-existence theorem for cyclic/abelian projective planes have been stated only when the order of the plane is a non-square. An exception to this is the following: THEOREM 6 (Hall [3] ). There is no cyclic projective plane of order n if n is divisible by both the primes in the following pairs: (2, 3), (2, 5) , (2, 7), (2, 13), (2, 17) , (2, 19) , (2, 31) , (3, 5) , (3, 7) , (3, 11) , (3, 13) , (3, 17) , (3, 19) , (5, 7), (5, 11) and (5, 13).
Remark 1 includes infinite number of square values of n (that are not included in other non-existence theorems) for which there do not exist cyclic projective planes of order n, giving more evidence to the following conjecture:
CONJECTURE. Let D be a projective plane of order n admitting a cyclic regular automorphism group. Then n must be a prime power and D must be isomorphic to PG(2, n).
We conclude by remarking that similar results (as in Theorems 5 and 5') for general A. would be of great interest.
